Background -Inspiratory muscle strength is often better reflected by oesophageal pressure during a maximal sniff (sniff POES) than by maximal inspiratory pressure (PImax). Sniff POES can be estimated non-invasively by measuring the sniff nasal inspiratory pressure (SNIP). The aim was to establish maximal normal values for the SNIP and to compare them with PImax.
Methods -One hundred and sixty healthy subjects (80 men) aged 20-80 years were recruited. All subjects had a forced vital capacity (FVC) of >80%, a forced expiratory volume in one second (FEV1)IFVC of >85% predicted value, and a body mass index of 18-31 kg/m2. Because Pimax is known to be reduced in the supine posture, the SNIP was measured in both the sitting and the supine positions. Pimax sustained over one second was measured from functional residual capacity (FRC) in the sitting position with a standard flanged mouthpiece during four manoeuvres. SNIP was measured from FRC in the sitting and supine positions using a catheter through a plug occluding one nostril during 10 maximal sniffs through the contralateral nostril. For each test the largest pressure measured in cm H2O was taken into account. Results -For both men and women maximal SNIP was negatively correlated with age, and was similar in the sitting and the supine positions. In the sitting position maximal SNIP was greater or equal to PImax in 107 of 160 subjects. The mean (SD) ratio SNIP/Pimax was 1l08 (0.22) in men and 1-17 (0.29) in women.
Conclusions -Normal values of maximal SNIP can be predicted from age and sex. Maximal SNIP is similar in the sitting and the supine position and is significantly higher than Pimax in healthy subjects. The low level of agreement between maximal SNIP and Pimax indicates that the two manoeuvres are not interchangeable but complementary. (Thorax 1995; 50:371-375) Keywords: respiratory pressures, respiratory muscles.
The assessment of inspiratory and expiratory muscle strength classically relies on the pressures measured at the mouth during a maximal inspiratory or expiratory effort performed against an occlusion (Pimax and PEmax). l However, because the manoeuvres are closely dependent on the subject's collaboration -that is, coordination and volitional contractionthe results are prone to considerable variability.
Thus, low values can reflect either a true muscle weakness or a lack of motivation and coordination. An alternative method consists of using short, maximal sniffs. Inspiratory muscle strength is often better reflected by oesophageal pressure during a maximal sniff (sniff POES) than by Pimax.2 However, the sniff POES has limited clinical usefulness because it requires an oesophageal balloon catheter system. Slightly less invasive positions of the balloon have been described, including the nasopharynx or the mouth.3 Finally, sniff POES can be estimated entirely non-invasively by the sniff nasal inspiratory pressure (SNIP) measured through a plug occluding one nostril during a sniff performed through the contralateral nostril. 4 The present study was performed with several aims related to maximal SNIP: (1) to establish normal values in adults, (2) Heritier et al' showed that the SNIP -that is, the nasal pressure measured through a plug occluding one nostril during a maximal sniff performed through the contralateral nostrilprovides a reliable and non-invasive estimation of POES both in healthy volunteers and in patients with neuromuscular or skeletal disorders.
The similarity between upper and lower airway pressures during a dynamic manoeuvre is explained by the phenomenon ofnasal collapse. The airflow through the nose is regulated by a resistance located in the nostrils.89 The nasal flow limiting segment, or nasal valve, is situated in the first 2-5 cm from the external orifice.9 During the sniff, when a critical transnasal pressure of 10-15 cm H20 is reached, the nasal valve collapses.89 Beyond the point of collapse there is only a small pressure gradient between extrathoracic and intrathoracic airways. It should be noted that this holds true only in the absence of airways obstruction or of lung fibrosis which prevent accurate transmission of pleural pressure to the upper airways. 10 Being reliable, simple, and non-invasive, the SNIP appears to be potentially useful for the clinical assessment of inspiratory muscle strength. In the present study we established normal values for the SNIP in adults. We found 0 that they were negatively correlated with age, and that they were independent of height and body mass index. SNIP and Pimax were measured from FRC rather than from RV because inspiratory muscle strength is overestimated at levels below FRC due to the elastic recoil pressure of the thorax.'213 We found that SNIP was greater than Pimax in the sitting position. According to the force-velocity relationship the converse might have been expected. Indeed, the sniff is a dynamic manoeuvre with some increase in the lung volume and some distortion in the chest wall, whereas Pimax is considered as quasistatic. Three factors may explain why the SNIP is often greater than Pimax. Firstly, dynamic changes in human diaphragm length were described during maximal inspiratory effort against occlusion using sequential radiography, underlining that this manoeuvre does not represent an isometric contraction either.'4 Secondly, the level ofrecruitment ofinspiratory muscle groups is different during a sniff and during a Pimax manoeuvre. The electromyographic activity of the diaphragm is greater during a maximal sniff than during a Pimax effort, whereas the activity of the intercostal and sternomastoid muscles is similar during the two manoeuvres.'5 Thirdly, the sniff measurement is easier and less unpleasant than the Pimax manoeuvre and may thereby allow maximal muscular recruitment to be achieved more often.
The comparison of SNIP and Pimax by the method of differences against the means according to Bland and Altman5 is meaningful. The limits of agreement between SNIP and Pimax are wide, illustrating that these two manoeuvres are not interchangeable but rather complement one another in the assessment of inspiratory muscle strength. Pimax and PEmax are the most physiological methods for measuring respiratory muscle strength. In the case of normal values no further test is necessary. However, in the presence of low Pimax values the SNIP offers a way to differentiate between true inspiratory muscle weakness and difficulty in performing the sustained effort against an occluded airway.
From this study in healthy subjects we conclude that maximal SNIP can be predicted from age by a first degree equation for both sexes, is similar in the sitting and supine positions, can be obtained with 10 manoeuvres, is significantly greater than Pimax in subjects unaccustomed to performing the manoeuvres, and complements rather than replaces Pimax.
